We present a new determination of the dust content and near-ultraviolet/optical extinction curves associated with a sample of ≃8300 strong, W λ2796 0 > 1Å, Mg II absorbers, redshifts 0.4<z<2.2, identified in Sloan Digital Sky survey (SDSS) spectra of quasars in the DR6 release. Taking into account the selection effects that result from dust extinction, including the reduction in the signal-to-noise ratio of an absorber appearing in a reddened quasar spectrum, we find a stronger dependence of E(B − V ) on absorber W λ2796 0 than in other published work. The dependence of the median reddening on W λ2796 0 can be reproduced by the power-law model
spectra from the Sloan Digital Sky Survey (SDSS) (York et al. 2000) , has allowed the compilation of extended samples of Mg II absorbers (e.g. Nestor et al. 2005; Quider et al. 2011 ) with consequent improvements in our knowledge of the statistical properties of the absorbers as a function of key physical parameters.
The homogeneity of the SDSS spectroscopy coupled with the quantitative nature of the quasar target selection (Richards et al. 2002) has also enabled progress to be made in quantifying the dust content of absorber populations at cosmological distances. Wild & Hewett (2005a) first demonstrated that the Ca II λλ3935,3970 absorber population, a subset of very strong Mg II absorbers, showed evidence for the presence of dust with E(B−V ) values as high as 0.2 magnitudes. The strong Mg II absorber population as a whole shows much lower dust content, with mean E(B − V )≃0.02 (Wild et al. 2006; York et al. 2006 ). More recently, Ménard et al. (2008) quantified the dependence of the dust content of Mg II absorbers as a function of both absorber EW and redshift.
Interest in the properties of dust associated with Mg II absorbers has grown with the explicit linking of the absorber population to the star formation history of the galaxy population (Ménard et al. 2009 ) and the association between very strong absorbers and outflows (Bouché et al. 2007; Nestor et al. 2010) . Dust has also been suggested as a possible explanation for the puzzling discrepancy between the increased incidence of Mg II absorbers detected in Gamma-Ray Burst (GRB) compared to quasar sightlines Porciani et al. 2007 ).
In the local Universe the principal observable difference between dust extinction curves is the presence of the 2175Å feature, the strength of which is inversely correlated with the increasing rise of dust extinction into the ultra-violet. The 2175Å feature is strong within the Milky Way (MW) but only weakly detected within the Large Magellanic Cloud (LMC) and is practically absent within the Small Magellanic Cloud (SMC). The origin of the feature is generally believed to be aromatic carbonaceous materials, i.e. a mixture of Polycyclic Aromatic Hydrocarbon (PAH) molecules, which are abundant in the MW (Draine 2003; Wang et al. 2005) . A few reports of the detection of a strong 2175Å feature in individual absorbers have been made, e.g. Srianand et al. (2008) and Jiang et al. (2010) analysing two individual Mg II systems each, Zhou et al. (2010) analysing a single extremely dusty object, and very recently Jiang et al. (2011) , who report 39 detections. On the other hand, statistical studies of both Ca II (Wild & Hewett 2005a) and Mg II absorbers (Wang et al. 2005; York et al. 2006) favour SMCor LMC-like extinction curves. Such studies to date have been characterised by modest sample sizes and the E(B −V ) values of the absorbers are typically small, which means the limits on the presence of any sub-population of absorbers possessing MW-like extinction curves are not strong.
In this paper we employ a new, large, sample of Mg II absorbers, derived using quasars contained in the SDSS DR6-release, to investigate the form of the rest-frame extinction curve associated with the absorber population with unprecedented accuracy. Adopting the approach of Wild et al. (2006) , a full analysis of the presence of dust in the absorbers allows a quantitative determination of the selection biases that effect the observed Mg II absorber sample. With such a quantification in hand we then review the implications of the selection biases on i) the redshift evolution of the dust content of Mg II absorbers, ii) the redshift distribution of very strong Mg II absorbers, and iii) the predicted number of Mg II absorbers along GRB-sightlines.
The outline of this paper is as follows. In Section 2 we describe the quasar and Mg II absorber catalogues which are used in Section 3 to estimate statistically the amount of dust in individual Mg II systems. We also assess the effect of a dust bias on the completeness of the sample in Section 4. In Section 5 we show results of an investigation to identify the 2175Å bump in the strongest Mg II systems and we look at the correlations between absorber EW and redshift. We also discuss the implications of the results for Mg II absorber statistics and the discrepancy in the observed frequency of absorbers along GRB-and quasar-sightlines in Section 5, before summarising our conclusions in Section 6. Throughout this work we assume a cosmology of ΩM = 0.3, ΩΛ = 0.7, and h = 0.7.
QUASAR AND Mg II ABSORBER SAMPLES
The base quasar sample consists of 91 665 objects, including 77 392 quasars in the Schneider et al. (2007) DR5 catalogue that are retained in the later DR7 quasar catalogue of Schneider et al. (2010) . A further 13 081 objects are quasars, present in the additional DR6 spectroscopic plates, identified by one of us (PCH) using a similar prescription to that employed by Schneider et al. (2007) , all of which are present in the Schneider et al. (2010) catalogue. An additional 1192 objects, which do not satisfy one, or both, of the emission line velocity width or absolute magnitude criterion imposed by Schneider et al. (2007) , are also included. None of the results in the paper depend on the exact definition of the 'quasar'-sample used.
The spectra are all processed through the sky-residual subtraction scheme of Wild & Hewett (2005b) , resulting in significantly improved S/N at wavelengths λ>7200Å and consequent increased detection efficiency for Mg II absorbers at z>1.6.
The quasar sample is restricted to the redshift interval 0.5 z 3.5 and to objects with Galactic extinction corrected SDSS i-band magnitudes mi 19.1, leaving 52 112 quasars. Broad Absorption Line (BAL) quasars identified by Gibson et al. (2009) or from our own BAL catalogue (Allen et al. 2011) are also excluded, leaving 48 587 quasars.
The presence of extended wavelength intervals without data in the SDSS quasar spectra is not ideal for the extinction estimation (Section 3). The sample is therefore restricted to essentially 'complete' spectra by the requirement that the number of valid pixels, NGOOD>3500, eliminating a further 490 quasars.
The final sample of 48 097 quasars is searched for Mg II λλ2796.35, 2803.53 absorption doublets in the redshift interval 0.4 z abs 2.2. A 'continuum' is defined for each quasar via the application of a simple 61-pixel median filter. The 'difference' spectrum, to be searched for absorption features, is then obtained by subtracting the continuum from the original quasar spectrum. The absorption line search uses a matched-filter technique (e.g. Hewett et al. 1985) with two template Gaussian doublets of the appropriate Figure 1 . Left-hand panel: the equivalent width (EW of the Mg ii λ2796 line) distribution of absorbers in a sample of 19 315 systems from SDSS. The vertical dashed line at 1Å corresponds to lower EW-limit of absorbers retained in our sample (9719 systems). The sample is highly complete down to EW= 1Å. Right-hand panel: the redshift distribution for systems with EW 1Å.
wavelength separation and full width at half maximum (FWHM) = 160 km s −1 (the resolution of the SDSS spectra), 200 km s −1 and 240 km s −1 . Three values of the doublet ratio are incorporated into the search: 2:1 (corresponding to unsaturated lines on the linear part of the curve of growth), 1:1 (for saturated lines on the flat part of the curve of growth) and an intermediate case, 4:3. A further template with doublet ratio 1:1 and flat-bottomed absorber profiles, 380 km s −1 in extent, is also used to optimise the detection of very high EW doublets. At each pixel the template giving the minimum χ2 value is determined and candidate absorbers selected by applying a threshold value of S/N 7σ.
A total of 19 315 Mg II systems are indentified but we confine our analysis to the sub-sample of 9 719 systems with EW of the 2796Å line (W Fig. 1 shows the redshift distribution for the 1Å sample. Providing that any dust associated with the Mg II absorber population results in an extinction curve whose shape is not strongly dependent on W λ2796 0 , the investigation presented here is not sensitive to the completeness of the absorber catalogue. However, the statistical properties of the absorber catalogue are in excellent agreement with previous work ). The catalogue is highly complete down to W λ2796 0 =1Å and, from a combination of visual inspection and investigation of the properties of other absorption species in 'stacked' Mg II systems, contamination by false detections is found to be <5 per cent.
There are 7 318 quasars with a single intervening Mg II absorber, 1 019 quasars with two absorbers and 116 quasars with more than two absorbers. Due to the increased uncertainty in the determination of the dust content of individual absorption systems in quasars containing multiple absorbers (i.e. > 2 systems), we chose to retain only quasars with single or double intervening Mg II absorbers. In the case of a double absorber we consider only the stronger system. The vast majority of double absorbers involve one or more low EW systems, however, we remove from the sample the 8/1019 spectra that possess two absorbers with an EW> 2.5Å to leave a total of 8 329 systems. The results and conclusions derived in the paper are not sensitive to whether we use only single systems or single plus double systems.
MEASURING THE DUST CONTENT OF THE ABSORBERS
The presence of dust in an Mg II absorber affects the observed spectrum of the background quasar. The degree of reddening of a spectral energy distribution (SED) is described by an associated extinction curve, and the dust content is parameterised by a corresponding E(B − V ) 1 (e.g. Kinney et al. (1994) ). The large and homogenous SDSS DR6 spectroscopic catalogue provides an opportunity to obtain estimates of the dust content for many thousands of absorbers. However, one must be sure that intrinsic quasar-toquasar SED variations do not produce significant systematic biases in, or add significant scatter to, the E(B − V ) determinations of the absorbers.
The population of Mg II absorbers is reported to have a mean dust content of only E(B − V ) ≃ 0.02 − 0.03 mag (Wild et al. 2006; York et al. 2006) , which implies only small alterations to the shape of the SEDs of background quasars. Therefore, care must be taken to construct a quasar 'control' spectrum, which represents accurately the spectrum of an unabsorbed quasar. Such a spectrum then enables us to isolate the effect of dust in an absorber on the background quasar spectrum.
The control quasar spectrum
We have adopted an approach similar to Wild & Hewett (2005a) and York et al. (2006) , which involves using the two-dimensional redshift, z, versus magnitude, mi, plane to identify a sample of quasars from which to construct a control spectrum. The use of 'neighbour' quasars with similar redshifts in the control sample ensures that the wavelength coverage of control quasars is nearly identical to that of the target quasar, while also ensuring that the control sample quasars do not have systematically different (redshift dependent) SEDs. At fixed redshift the quasar apparent magnitude distribution is equivalent to the absolute magnitude distribution, Mi. The large density of objects in the mi versus z plane allows the control sample to be defined using λ abs / Å 2500 3000 3500 4000 4500 5000 5500 Figure 2 . Left-hand panel: flux ratio as a function of wavelength for quasar SDSS J093508.37+271648.6, zqso = 0.94, with an Mg II absorber at z abs = 0.66. A 'control' quasar spectrum, representing the spectrum of the background quasar, is overplotted in red. Righthand panel: flux ratio spectrum for the z abs = 0.66 Mg II absorber in the rest-frame of the absorber, obtained by dividing the quasar spectrum by the control spectrum in the left-hand panel. The red line shows the best fitting SMC extinction curve, which corresponds to an E(B − V ) = 0.15. magnitudes close to that of the target quasar, minimising the effect of any systematic magnitude-dependent SED changes.
The control spectrum was generated for each target quasar, by taking the median value (at each wavelength) of the 50 immediately brighter and 50 immediately fainter quasar spectra within a fixed redshift interval of ∆z = 0.1 centred on the redshift of the target quasar 2 . The median was chosen instead of the mean, as it was less sensitive to flux outliers arising from intrinsic variation among quasar SEDs. A control spectrum is created for each of the 9 719 quasars with associated Mg II absorbers, but only quasars without a detected Mg II absorber are allowed to contribute to the control spectra.
Using a fixed number of quasars to define the control spectrum, rather than a fixed magnitude interval, means that the control sample is not biased due to the systematic mismatch between the luminosity of the target quasar and median luminosity of the control quasars.
Estimation of the E(B − V ) values for the absorbers
The flux ratio for an absorber is calculated by dividing the target quasar spectrum by the control spectrum in the quasar rest-frame, removing, statistically, the signature of the quasar SED. The resulting flux ratio spectrum is then moved to the absorber rest-frame (Fig. 2) . We have used a parameterisation of the MW, LMC and SMC extinction curves, due to Pei (1992) , and fit a curve of the form:
2 The 100 quasar spectra were shifted to the quasar rest-frame, and normalised over the wavelength interval common to all spectra. The median value at each rest-frame wavelength was then calculated.
to the flux ratio spectrum, where A (λ) is the extinction at a particular wavelength given by
where E λ−V /EB−V is given by Pei, and RV is the ratio of total to selective extinction. We have adopted Rv = 3.0, which is representative of the value in the MW and SMC 3 . F0 and the reddening parameter E(B − V ) are left as free parameters in the fit, which is carried out using the non-linear 'Levenburg-Marquardt' algorithm (Marquardt 1963) . The wavelength intervals corresponding to the strong telluric sky emission lines at λλ5578.5, 6301.7, and to the prominent absorption lines 4 of Fe II, Al II, Al III, Mg I, Ca II, which may be present in the absorber spectrum, are excluded from the fit.
Uncertainty in the E(B − V ) determinations
In order to test the accuracy of the method for calculating the E(B − V ) for a particular absorber 5 , we obtained estimates for the amounts of dust in a subsample of 4 550 quasar 3 The commonly adopted values of R V in the SMC and MW are 3.1 and 3.2 respectively (Fitzpatrick & Massa 2007) . The shape of the extinction curve does not depend on the value of Rv. 4 The wavelengths of masked absorption lines are: Fe II (1527, 1608, 2250, 2261, 2344, 2374, 2383, 2587, 2601Å) , Al II(1671Å), Al III(1855, 1863Å), Mg I(2853Å), Mg II(2796, 2803Å) and Ca II(3935,3970Å). The mask consists of 10Å wide intervals centred on the absorption lines. 5 A test of the method involved calculating E(B − V ) estimates for the sample of Ca IIabsorbers studied by Wild & Hewett (2005a) and no systematic differences with either redshift or E(B − V ) were found. spectra with no identified absorbers from our quasar sample (Fig. 3) . For the non-absorber quasar sample we create a simulated set of absorbers with z abs and z abs /zqso distributions which are consistent with the corresponding redshift distributions in the absorber sample. We then obtain E(B − V ) estimates for this sample using the prescription in Section 3.2. The distribution is centred on E(B − V ) = 0.0 indicating no detectable systematic bias in the determination of E(B − V ), with an encouragingly small uncertainty, σ E(B−V ) ∼ 0.025, in the E(B − V ) estimates for individual quasars 6 . The spread arises from intrinsic quasar-to-quasar SED variations.
Notwithstanding the use of an individual control spectrum for each quasar, quasars with intrinsically unusual SEDs lead to flux ratio spectra still dominated by the variation among quasar SEDs. The presence of such variations in turn leads to poor determinations of E(B−V ). We have estimated the quality of fit of each absorber's flux ratio with an extinction curve by using a Kolmogorov-Smirnoff-like statis-6 It is necessary to modify how the quasar control sample is defined when we approach the extremes of the m i plane where there are not enough quasars to make up the control-spectrum using the scheme described in Section 3.1. In such a case we use the 100 quasars closest to the faintest/brightest quasar at a given redshift. The effectiveness of the modified sample definition is demonstrated by calculating E(B − V ) estimates for a sample of the 51st brightest quasars using control spectra defined using both the ±50 neighbouring quasars and the next 100 fainter quasars. Average differences in the E(B − V ) estimates of only 0.001 at the faint end and 0.0025 at the bright end, demonstrate that any systematic bias in the E(B − V ) estimates is insignificant. tic. Our test uses the cumulative difference between the normalised best-fit extinction curve and normalised absorber's flux ratio, to identify a systematic shape difference and thus poor-fit. The maximum cumulative difference, or Dmax, is obtained for each absorber's SMC, LMC and MW extinction curve fit. The Dmax distributions appear to show no evidence of significant bias as a function of absorber redshift, E(B − V ), EW and quasar magnitude (Fig. 4) .
Visual inspection of quasar spectra with large values of Dmax reveals a mixture of quasars showing i) strong Fe II emission, ii) very blue continua or iii) red, but 'flat', spectra without the curvature expected due to conventional extinction curves. The number of such quasars is small, consistent with the tails of the distribution evident in Fig. 3 , due to the small fraction of quasars with unusual intrinsic SEDs (unrelated to any signature due to intervening absorbers).
The 2σ uncertainty in E(B − V ) resulting from quasarto-quasar SED variations corresponds to an E(B − V ) difference of 0.050 mag (Fig. 3) . Such a difference produces a value of Dmax=0.04 and we therefore define spectrum flux ratio fits with Dmax>0.04 as possessing a poor fit to the SMC extinction curve. The number of such spectra (17/8 329) represent an extremely small fraction of the total (0.2 per cent). We exclude such objects from further analysis until we consider the detailed shape of the Mg II absorber extinction curves in Section 5.3.
The effectiveness of the Dmax statistic is verified by noting that the flux ratio spectra with multiple (> 2) absorption systems exhibit systematically larger values of Dmax than spectra with single or double absorbers. The differences are due to the presence of multiple extinction signatures at different redshifts, providing justification for the use of single and double absorber lines of sight only (Section 2).
DUST OBSCURATION BIAS
Extinction of quasar light due to the presence of dust in intervening absorbers, leads to objects being lost from magnitude-limited quasar surveys (Fall & Pei 1993; Wild et al. 2006) . To illustrate the effect of extinction by intervening dust on our sample, the left-hand panel of Fig. 5 shows the observed extinction at 7500Å (the effective wavelength of the SDSS i-band). Additionally, extinction due to an intervening absorber leads to a degredation of the spectrum S/N and hence additional absorbers are lost from the sample, as their S/N falls below the 7σ Mg II absorber detection threshold (Section 2).
Extinction effect
We have used the magnitude and redshift distribution of the quasars in the quasar sample (Section 2) to obtain a probability that a quasar behind a dusty absorber will be lost from the sample. The presence of an absorber in a quasar spectrum leads to an extinction of quasar light Ai (Fig. 5, . If the quasars in the sample 7 were placed behind the absorber, objects fainter than 19.1 − Ai will be lost below the mi = 19.1 flux limit. We can therefore quantify the probability an absorber of specified E(B − V ) and redshift is lost from the sample via
where Nqso is the number of quasars satisfying the condition in brackets. An illustration of the bias calculation is shown in the right-hand panel of Fig. 5 for an absorber at z abs = 1.0 with E(B − V ) = 0.125.
Signal-to-noise ratio effect
For absorbers that remain within the sample there is a further reduction in the probability of detection due to the decrease in the S/N of the quasar spectrum as the quasar becomes fainter because of the extinction from dust. Taking only the quasars that remain above the m=19.1-Ai threshold determined above, we can determine how a quasar spectrum's S/N degrades for a given extinction Ai by examining the median S/N versus mi for the quasar spectra. Consider the effect of placing an absorber of specified E(B − V ) and redshift in front of a quasar with a given mi, and hence S/N. The extinction due to the absorber makes the quasar fainter and the Mg II absorber may no longer be detectable given the reduced S/N of the spectrum. An Mg II absorber will be lost from the sample when
holds true, where S/N abs is the S/N of the Mg II absorption feature, S/N qsoext is the degraded S/N of the quasar spectrum, S/N qsoabs is the S/N of the absorber's target quasar spectrum, and 7σ is the Mg II absorber detection threshold.
We can therefore obtain a separate probability that an absorber will be lost from the sample due to the reduction in the spectrum S/N,
where S/N qso is the S/N of a given quasar spectrum in the base quasar sample. P S/N is calulated using only the quasars that remain in the sample following the determination of P dob in Section 4.1.
Correcting the statistics
The base absorber sample is highly incomplete at large values of E(B − V ), and we provide a correction to the E(B − V )-distributions for both the extinction and S/N effects described in this section. Each absorber is assigned an E(B − V )-weighting due to both obscuration effects according to
which allows the observed E(B − V )-distributions to be corrected. The weighting, w, becomes undesirably large for absorbers with large E(B − V ), where the probability an absorber is included in the sample is small. We therefore impose a conservative upper limit to the value of w=6.67, equivalent to the probability an absorber is included in the sample of 0.15. The multiplicative prescription for calculating w is valid as we only apply the S/N corrections to the population of absorbers which are not lost due to dust extinction effects. Thus, suppose we have a sample of absorbers from which 30 per cent of quasars fall below the magnitude limit due to extinction. The reduction in the S/N is calculated for the remaining 70 per cent of quasars and (in the case that the S/N effect reduces the number of absorbers Figure 4 . The Kolmogorov-Smirnoff-type Dmax statistic for the base sample of Mg ii absorbers, fitted with an SMC-type extinction law, as a function of (top to bottom panels) absorber redshift, E(B − V ), equivalent width and quasar magnitude. The median points show no significant bias in the quality of fit as a function of any of the parameters. The horizontal line indicates the Dmax=0.04 threshold, used to define systems with a 'poor fit' to the SMC extinction law.
by 10 per cent) the fractional completeness of the absorber sample is 0.7 × 0.9 = 0.63.
Accuracy of the corrected E(B − V ) estimates
The observed E(B − V ) distributions show a spread at fixed EW due in part to quasar-to-quasar SED-variations, quantified in Section 3.3 and illustrated in Fig. 3 . In principle, a full deconvolution of the SED-induced variations could be undertaken using the observed E(B − V ) distributions to recover the intrinsic E(B − V ) distributions. However, such a procedure is both involved and unstable in portions of the
The use, in Section 5, of the median E(B − V ) values for the absorber population as a function of absorber EW already mitigates the impact of the intrinsic quasar SEDinduced variations. However, the procedure described in the previous sub-sections does result in a small overestimation of the population median E(B − V ). The worst-case situation occurs when considering a population of absorbers with no dust, subject to the quasar SED-induced spread. A histogram of 'observed E(B − V )', exactly as shown in Fig. 3 is thus obtained. The observed median E(B − V ) is only a few The overestimation of the median E(B − V ) is small under worst-case conditions and becomes much smaller 8 as populations with dust-induced E(B − V ) are considered and the fraction of absorbers scattered artificially to negative E(B − V ) drops. Our conclusions in the paper, which derive from the presence of median E(B − V ) values 0.07 mag for absorbers with high Mg IIEW, are essentially unaffected by the form of correction adopted to account for the small overestimation of the median E(B − V ) values. Results obtained after applying a uniform correction of -0.016 mag to all the median estimates 9 and also no correction at all are not significantly different. We thus adopt a simple scheme that closely approximates the actual situation, applying a correction of -0.016 mag to the median E(B−V ) estimates of the absorber samples with Mg IIEW 3.0Å and no correction to the median E(B−V ) estimates for Mg IIEW > 3.0Å. 
RESULTS
The amount of dust in Mg II absorption systems is generally found to increase as a function of the Mg II EW (York et al. 2006; Ménard et al. 2008) . This increase has important implications for the understanding of galaxy evolution, as EW for the saturated Mg II absorbers measures the velocity spread in the gas (York et al. 2006) and there is a strong dependence of EW on the level of associated star-formation activity (Ménard et al. 2009 ).
Dust and absorber Equivalent width
The accuracy of the E(B − V )SMC 10 estimate for each absorber was ensured by removing all spectra with a poor fit to the SMC extinction curve, i.e. D smc max > 0.04 (Section 3.3). We chose the SMC curve as the average reddening properties of Mg II absorbers are found to be well characterised by an SMC-type extinction law (see Section 5.3).
10 To make the form of the extinction curve used to obtain E(B − V ) values explicit, where relevant, we use a subscript 'LMC', 'MW', 'SMC',... in the remainder of the paper
E(B − V ) Distributions
The dependence of dust content on Mg II EW is shown in Fig. 7 . The median E(B − V )SMC is calculated for absorbers with EWs in the intervals 1.0-1.7Å, 1.7-2.4Å, 2.4-3.1Å, 3.1-3.8Å, 3.8-4.5Å, and 4.5-5.0Å. The equivalent median E(B− V )SMC values incorporating the bias corrections in Equation 7 are also shown. The error bars have been calculated using the 'bootstrap' method but, at low W 2796 0 , the errors are limited by systematic uncertainties at the level of ∼ 0.005. The line in Fig. 7 corresponds to the best fitting power-law to the median bias-corrected E(B − V )SMC values of the form
where A = (8.0 ± 3.0) × 10 −4 and α = (3.48 ± 0.3) and the model is applicable for 1.0 W0 5.0Å.
The number and distribution of objects evident in Fig. 7 with E(B − V )SMC < 0 are consistent with the expected observational uncertainty in the E(B − V ) determinations (Section 3.3). A series of E(B − V )SMC distributions for different bins of mean Mg II EW 1.2Å, 2.0Å, 2.8Å and 3.6Å, are shown in Fig. 8 . The observed-frame E(B − V )SMC dependence on Mg II absorber EW (equation 7 of Ménard et al.) can be related to our rest-frame E(B − V )SMC dependence via The large differences can be ascribed to the ability to quantify the effects of E(B − V )-bias on the observed Mg II sample, set out in Section 4. These dust obscuration effects while linked to EW, also become more pronounced at higher redshift.
Comparison with other work
E(B − V ) obs = E(B − V )rest (1 + z) 1.2 .(8)
Redshift evolution of E(B − V )
The ability to constrain how the dust content of Mg II absorbers varies with cosmic time, from 3.3 Gyr at z = 2.0 to 8.6 Gyr at z = 0.5, when a dramatic reduction in in the overall star formation rate density of the Universe (Hopkins 2004; Ménard et al. 2009 ) occured, provides a significant constraint on models of galaxy evolution. Notwithstanding the quantitative corrections to the observed E(B−V )SMC distribution of the Mg II absorbers (Sections 4 and 5.1) the sample suffers from significant incompleteness for absorbers with large E(B−V ) at high redshifts. To investigate the evolution of the absorbers as a function of redshift we therefore confine our analysis to systems with E(B − V )SMC < 0.15. The adopted limit to E(B − V )SMC corresponds to that of an absorber P dob >0.85
11 at the maximum absorber redshift, z=2.0, employed (see Fig. 6 ).
Results and comparison with previous work
The restricted absorber sample (E(B − V )SMC < 0.15) was divided into three redshift bins, with average redshifts of 0.77, 1.25, and 1.68. The resulting bias-corrected median rest-frame E(B − V )SMC are fit with a power-law of the form
where α = −0.2 ± 0.3, which shows no significant evolution with redshift. This determination is consistent with Ménard 11 Application of the bias-correction to absorbers with P dob 0.85 can cause undesirable divergence in the population statistics.
et al. (2008) who find a modest evolution of dust content with redshift (α = −1.1 ± 0.4). While this analysis of the bias-corrected median points has deliberately been confined to absorbers with E(B − V )SMC<0.15 it is also possible to test whether the entire observed absorber sample is consistent with no evolution as a function of z abs . Taking the bias corrected E(B −V )SMC distribution of absorbers in the low-redshift z abs = 0.77 slice we calculate the observed E(B − V )SMC distribution, by applying the inverse of the bias corrections to the z abs = 0.77 intrinsic distribution, centred on the higher redshift slices z abs = 1.25 and z abs = 1.68 respectively (Fig. 10) . The resulting distributions for the higher redshift slices are consistent with the observed histograms, confirming the lack of evidence for significant evolution in the distribution of E(B − V )SMC with redshift.
Nature of the dust
Determining the nature of dust in Mg II absorption line systems is important as it provides a way to constrain the chemical evolution of galaxies over a range of cosmic time.
Of particular interest is whether the strong ∼ 2175Å feature observed in the spectrum of the MW is present in our Mg II absorber sample. In general, the SMC extinction curve, rather than that of the MW, is found to best describe the average reddening properties of Mg II absorbers (Ménard et al. 2005; York et al. 2006; Ménard et al. 2008) with low E(B − V ). Taking advantage of the large sample of absorbers, and specifically the availability of a number of absorbers with significant E(B − V ), we investigated the form of the extinction curve via construction of a composite spectrum and consideration of the properties of the absorbers with the very highest estimates of E(B − V ).
An optimal high-E(B − V ) composite absorber spectrum
Despite claims of being able to see evidence for the 2175Å bump in single systems (Srianand et al. 2008) , individual extinction curves have a low S/N. Using the much larger sample of absorbers presented here, we can combine a large number of extinction curves statistically, using an approach similar to Wild & Hewett (2005a) , to improve the S/N and increase the sensitivity to the presence of any features. An important consideration is the choice of which systems to combine. The optimum number of spectra to co-add is a trade-off between the number of spectra (in principle the more the better), and the median E(B − V ) of the coadded spectra (which favours a smaller number of spectra with the largest E(B − V )s). We also need to consider the goodness-of-fit of the spectra that will make up the composite spectrum, and so it was necessary to make a cut based upon the Dmax statistic (Section 3). However, it is conceivable that a system with a large SMC-Dmax value, and thus poor SMC fit, will in fact be well characterised by a MW extinction curve. We certainly do not want to remove such objects which exhibit a MW type dust signature from the composite sample. This Dmax discrepancy (between SMC and MW extinction curves) becomes more significant at higher E(B − V ) values, and we can quantify, for a given absorber redshift, the E(B −V )SMC value which corresponds to a poor-fit Dmax = 0.04. We have determined how this E(B−V )SMC cutoff varies as a function of redshift and the results are shown in Fig 12. Absorption systems in the shaded region of Fig 12, are those which satisfy the parameterised condition: The residuals between a mock coadded curve (containing x per cent LMC spectra, y per cent MW spectra and the rest SMC spectra), and the composite flux ratio. The best-fit corresponds to a composite containing only SMC and LMC extinction curves in the ratio 65:35. Bottom-right panel: The zoomed-in section of the composite spectrum with green, and red solid lines corresponding to the SMC and LMC extinction curve composites respectively. The gold-dashed line corresponds to the coadded curve containing SMC spectra and LMC in the ratio 65:35, which best characterises the composite flux ratio.
Results from the composite spectrum
We created a composite spectrum (Fig 13) from 211 objects satisfying the condition in Equation 10, by taking the mean 12 flux value at each wavelength. Three further composites were created from the fitted extinction curves (SMC, LMC, MW) corresponding to each absorber. This allows for the characterisation of the type of dust by investigating whether the stacked spectrum is well fit by the SMC, 12 The mean (rather than the median) is now used to generate the composite spectrum to allow us to estimate the contribution of SMC-/LMC-/MW-type extinction to the composite.
LMC or MW curves. The resulting curves possess E(B − V ) values of 0.12, 0.16, and 0.13 for the SMC, LMC and MW respectively. As predicted, Fig 13 shows that on average our carefully-selected high E(B − V ) absorber subsample exhibits an extinction curve very similar to that of the SMC.
We can quantify the significance of the SMC-versus LMC-and MW-type reddening by examining the relative contributions of SMC-, LMC-and MW-type dust to the composite spectrum in the region around the 2175Å feature ( Fig. 13-(bottom-right) ). We obtain an estimate for the ratio of SMC-to-LMC-to-MW type spectra which contribute to our composite, by coadding a number of SMC, LMC, and (2008) objects respectively. The red crosses represent the objects most likely to contain signatures of the 2175Å bump, which make up the LMC coadd sample in Fig. 15 . The horizontal line at E(B − V ) SMC = 0.15 is included to show which absorbers make it into the redshift evolution sample described in Section 5.2, and the line at E(B − V ) SMC = 0.30 shows which objects make it into the high-E(B − V ) sample described in Section 5.3.3.
MW extinction curves and minimising the residuals 13 between the coadd and the composite spectrum (in the range 1900-2500Å). Formally, we found that a combination of 137 SMC-, 74 LMC-and 0 MW-curves provides the best fit to the composite spectrum in the 2175Å feature region. The best-fitting combination is shown in Fig. 13-(bottom-right) . The analysis shows that of the absorbers which satisfy Equation 10, their extinction curves are well reproduced by a mix of SMC and LMC extinction curves in the ratio 65:35 with an uncertainty of ≃±10 in the ratio.
The existence of absorbers with LMC-type dust can be demonstrated more directly via consideration of (Fig. 15 ) the shape of which is closely reproduced by the LMC extinction curve. The mean E(B − V )'s for the SMC, LMC, and MW type extinction curves in this composite sample are 0.16, 0.21, and 0.18 respectively. It can be argued that the result must be true by construction, with individual objects chosen to possess LMC-like extinction curves. However, the procedure is no different from the identifica- 13 The squared deviations between the underlying composite spectrum and the coadded extinction curves. tion of individual systems (Srianand et al. 2008 , e.g.) from among large samples of quasar spectra (Srianand et al. 2008, e.g.) . More convincingly, the 18 systems represent a significant minority of the base sample of 211. Furthermore, only a tiny fraction of absorption systems were eliminated from the sample via a Dmax threshold (Fig. 4) and it is very unlikely that unrelated intrinsic quasar-to-quasar SED variations are combining to reproduce a 2175Å feature and overall shape that reproduces the form of the LMC-extinction curve to the accuracy shown in Fig. 15 . The objects contributing to the composite are indicated in Fig. 11 . With only half of these objects present in the restricted sample used to investigate redshift evolution (Section 5.2), it is not possible to say anything useful about the strength of the 2175Å bump with redshift. York et al. (2006) perfomed a statistical analysis of 809 Mg II absorption systems from SDSS DR1, and searched for the 2175Å feature in the dustiest 111 systems with an observed frame colour-excess 14 ∆ (g − i) > 0.2. They find an average E(B − V )SMC = 0.0805 and no evidence of a MW dust signature in their composite spectrum. They also provide an estimate of the fraction of lines of sight that could have MW-type extinction, and provide an upper limit of 30 per cent.
Although we have reached a similar conclusion regarding the nature of dust, our sample of Mg II absorbers is an order of magnitude larger, and we have created a composite 
The dustiest absorbers and the shape of the extinction curve
Very few absorbers at cosmological distances with unambiguous 2175Å features have been discovered. As discussed above, Srianand et al. (2008) find two Mg II absorbers at z∼1.3, which are best-fit by LMC-type extinction, with E(B − V )LMC's of 0.27 and 0.36 respectively. Our analysis also finds these absorbers to be best-fit by is not particularly well fit by any SMC, LMC or MW models because the extinction bump is much broader than that of the average LMC extinction curve. A detailed discussion of the shape of the extinction curve for J1459+0024, and the extinction curve of other high E(B − V )SMC objects is presented below. Focussing on absorbers with comparable, or greater, estimates of E(B − V ), assuming an SMC-type extinction curve, there are 25 systems with E(B − V )SMC 0.30. Unsurprisingly, the majority of absorbers have relatively low redshifts, z abs 1, although a small number extend out to nearly z abs =1.5. Two of the systems are present in the sample of absorbers with detectable Ca II absorption discovered by Wild & Hewett (2005a) and Wild et al. (2006) . The most extreme system, with E(B − V )SMC=0.60, has been the subject of an earlier study. Zhou et al. (2010) 's analysis of SDSS J100713.68+285348.4 highlights the strength of the 2175Å feature in the strong Mg II absorber, at z abs =0.884, which also shows extremely strong Ca II absorption, although they do not note the connection to the Ca II absorber population. Employing constraints on the shape of the extinction curve extending to the rest-frame near-infrared, provided by JHK photometry from 2MASS (Skrutskie et al. 2006) , Zhou et al. (2010) present an extinction curve using the parametrization of Fitzpatrick & Massa (2007) . The form of the curve includes a very strong 2175Å feature, superposed on a rather greyer background compared to any of the SMC, LMC or MW extinction curves. Zhou et al. (2010) 's fit to the SDSS spectrum and the broadband photometry leads to a smaller value of E(B − V )=0.28 but with a relatively large value of RV =3.87.
Using our full sample of 25 objects with E(B − V )SMC 0.30, it is possible to gain further insight into the shape of the extinction curve associated with the dustiest intervening absorbers. Table 1 provides a summary of information for the 25 systems and the background quasars, including Y JHK photometry from the UKIDSS survey (Lawrence et al. 2007 ) where available. The population is not significantly influenced by the effects of extinction from two or more absorbers along the line of sight to a quasar. An extensive search for strong absorbers, including the Fe II line complexes at λ2344.2 and λ2586.7, covering the redshift interval 0.36<z<2.88, shows six of the quasars possess two absorbers with W λ2796 0 >1.0Å, whereas three are expected by chance.
A striking feature of the absorption line spectra is the almost ubiquitous presence of Ca II λλ3934.8,3969.6 absorption. Fourteen of the 23 absorbers with z abs <1.31, where Ca II lies within the SDSS spectra, individually show evidence for Ca II absorption and a median composite of the 23 absorbers shows a rest-frame EW of Ca II λ3934.8=0.38± 0.05Å. The absorption systems are thus closely related to the (observationally) rare, dusty Ca II absorber population identified by Wild & Hewett (2005a) , the properties of which are discussed by Wild et al. (2006 Wild et al. ( , 2007 . The presence of strong absorption due to a species that is so strongly depleted onto dust as Ca II is most naturally explained by the presence of very large gas columns (Wild et al. 2006 ) and our interpretation is that these absorbers will possess hydrogen columns as large as DLAs.
Using a model unreddened quasar spectrum (Maddox et al. 2008) we essentially confirm the results of Zhou et al. (2010) for the shape of the extinction curve for the absorber in SDSS J100713.68+285348.4. It is possible to undertake an identical analysis for the six additional absorbers that possess Y JHK photometry 15 . In all cases, adopting our E(B − V ) values (using any of the SMC, LMC or MW curves) from the SDSS spectra produces predictions that are grossly inconsistent with the SDSS (i-band) to Y JHK colours. Specifically, compared to any of the SMC/LMC/MW-extinction curves, the shape of the extinction curve probed by the SDSS spectra of the absorbers at redshifts z abs ≃0.75 (rest-frame wavelengths ≃2100-5000Å) is much steeper than the curve at rest-frame wavelengths ≃4500-14 000Å probed by the broadband i to K colours. In other words, the extinction curve is significantly greyer at >5000Å, with local extinction curves predicting a median i − K colour 0.72 mag redder than that observed for the six absorbers.
While the five-parameter parametrization of Fitzpatrick & Massa (2007) would provide accurate fits to the SDSS spectra and the i through K photometry of the six absorbers, we chose to adopt the established one-parameter family of extinction curves presented by Fitzpatrick (1999) , in which the shape of the untraviolet to near-infrared extinction curves depends on the value of RV (see fig. 7 of (Fitzpatrick 1999) ).
We find satisfactory fits to both the flux ratio spectra derived from the SDSS quasar spectra and the iY JHK broadband photometry of the six objects using a Fitzpatrick (1999) curve with RV =2.1 (see Appendix A). The Dmaxstatistic distribution is as good as that from any of the SMC, LMC, MW or Zhou et al. extinction curves. The median i − K colours (model -observed) using the Fitzpatrick and Zhou curves are +0.09 mag and -0.04 respectively (cf. the +0.72 value using any of the SMC, LMC or MW curves). Individual iY JHK magnitudes are reproduced to the level of σ ≃ 0.12 mag using either the Fitzpatrick or Zhou curves but with some differences reaching 0.3 mag. The small number of absorbers, combined with the effects of intrinsic quasar variability (between the epochs of the SDSS and UKIDSS photometry) and object to object SED variation, preclude the generation of more exact constraints on the form of the extinction curve but the need for a significantly greyer shape in the near-ultraviolet and optical is clear.
The inferred values of E(B − V ) for the six systems employing the Fitzpatrick RV =2.1 curve are given in Table 1 . We note that the form of the Fitzpatrick RV -dependent extinction curves at low values of RV reproduces the shape of the extinction curve in the near ultraviolet with a 2175Å feature of strength comparable to that in the MW, combined with a somewhat steeper increase in extinction with decreasing wavelength, a key feature of the behaviour found by Fitzpatrick & Massa (2007) . From the data available, it is not possible to conclude whether Zhou et al. (2010) 's modeling, employing a super-strong 2175Å feature, or the RV -dependent form (with an extreme value of RV =2.1) of Fitzpatrick (1999) , is superior but the simple one-parameterdependent form, with a 2175Å feature of constant strength, is attractive. In the Appendix we provide both a graphical representation of the extinction curve and quantitative values of E(λ − V )/E(B − V ) as a table.
The difference in the form of the extinction curve (from SMC/LMC/MW curves) for absorbers with high E(B − V ), including the likely presence of a strong 2175Å feature, raises the question of whether there is a systematic dependence of the extinction curve shape with E(B − V ). While the detection of the 2175Å feature in individual spectra with small E(B − V ) is not viable, the prevalence of an SMC-like curve for absorbers with low extinctions (E(B − V )<0.05) is unambiguous; any extinction curve with a 2175Å feature as strong as that in the MW can be ruled out with confidence (Fig. 16 ). For absorbers with intermediate E(B − V )≃0.15 we find evidence for the presence of a weak 2175Å feature in a significant fraction of systems (Section 5.3.2). The results for systems with larger E(B − V )SMC require confirmation using a much larger sample of absorbers with near-infrared photometry but for the first time there is an indication of a strong systematic change in the form of the near-ultraviolet to near-infrared extinction curve as a function of E(B − V ), with the shape of the curve in the dustiest systems differing from any of the standard curves in the local Universe.
Implications for Mg II absorber statistics
The quantitative dust-dependent bias, formulated in terms of the absorber E(B − V ), derived in this paper has significant implications for the study of the Mg II absorber population. Fig. 17 shows the distribution of observed EW and redshift for our absorber sample. Also shown are the bias-corrected distributions, calculated using the object by object bias-corrections (equation 6). A significant fraction of absorbers are missing from the sample, 24 ± 4 per cent for absorbers with EW>1.0Å in the redshift interval 0.4 < z < 2.2. The missing fraction rises to 34 ± 2 per cent for absorbers with EW>2.0Å. The formal errors on the incompleteness fraction are at the level of 1 per cent and the error is dominated by the systematic uncertainty associated with the dc offset (Section 4.3.1). The systematic uncertainty becomes less significant for the EW> 2.0Å sample. Nestor et al. (2005) find the the EW distribution of a sample of 1 300 absorbers (with redshifts 0.366 z 2.269) from SDSS DR4 is well described by an exponential distribution. They find that although moderately strong lines (0.4Å < W λ2796 0 < 2.0Å) show no evidence for redshift evolution, the absorbers with larger EWs show an increase in number with redshift that is more pronounced for ab- Figure 16 . The flux ratio against wavelength for a composite median spectrum created from 1 792 absorbers with 0 E(B − V ) SMC 0.05 and z abs > 0.9. The shape of the flux ratio spectrum for the low E(B − V ) composite is consistent with SMC-type extinction with median E(B − V ) SMC = 0.018, E(B − V ) LMC = 0.022 and E(B − V ) GAL = 0.016. The minimum flux ratio on the y-axis has deliberately been set to 0.84 and the x-axis extended to 4100Å to better show the shape of the extinction curve at small deviations from unit flux-ratio. A composite based on the mean flux-ratio for the sample is noisier but extremely similar in shape.
sorbers of higher EW. Nestor et al. interpret this redshift dependence as an evolution in the kinematic properties of absorbers over a range of intermediate redshifts. Lundgren et al. (2009) find a similar result which suggests stronger evolution in the redshift number density of strong Mg II absorption systems relative to lower EW samples, albeit over a smaller redshift range 0.4 z 0.8.
Using our parametrized dust correction (equation 7), we predict that the observed relative fraction of high EW systems will decrease by 36 per cent over the redshift interval 0.4 < z < 2.0. Our results thus predict that the true increase in the proportion of high EW systems with increasing redshift is significantly greater than found by Nestor et al. (2005) from the observed population of absorbers.
5.5
The GRB/Quasar absorber number density sight line discrepancy
We have discussed the effects of dusty high EW absorbers on the completeness of optical magnitude-limited quasar samples over a range of absorber redshifts. The highest redshift absorbers have been observed using GRB optical afterglows as background sources (Olivares et al. 2009 ). Although GRBs would individually experience the same obscuration effects, GRBs are found to have a huge range in intrinsic brightness and spectra are obtained at variable time intervals following the GRB's peak brightness. The consequent very large dispersion in apparent GRB brightness, rather than the presence of modest amounts of dust in any inter- Magnitudes are corrected for Galactic extinction using the prescription of Schlegel et al. (1998) . Photometric errors for the SDSS i-band photometry are normally < 0.03 mag and for the UKIDSS photometry ≃0.05 mag. The absorber redshifts and EWs in brackets correspond to those spectra which have two Mg II systems with EW>1Å. Errors in the rest-frame EWs are typically ±0.1Å. E(B − V ) Fitz is the result of the fit to the extinction curve of Fitzpatrick (1999) with R V =2.1 (see Appendix A). Systems that have been the subject of previous investigations are designated ( a ) Srianand et al. (2008) , ( vening absorbers, dictates whether an object is observed and absorption systems identified. Therefore, one would expect a larger number of moderate E(B − V ) absorption systems to be present in GRB spectra than quasar spectra. identified 14 strong intervening Mg II systems (at a mean redshift of z = 1.1) along 14 GRB sight lines, an incidence roughly four times higher than along sight lines to quasars. The result is not expected if both GRBs and quasars sample random lines of sight. Since the intervening absorption systems are thought to be independent of the background source, the observed discrepancy has led to a call to review the fundamental assumptions that underpin extragalactic absorption line research. The discrepancy was confirmed by Sudilovsky et al. (2007) , but the amplitude has since been reduced to a factor of 2.1 ± 0.6 using a larger sample of 22 absorbers (Vergani et al. 2009) .
A series of explanations have been suggested to explain the observed GRB/quasar discrepancy. Porciani et al. (2007) claim that strong Mg II absorbing gas may be intrinsic to the GRB circumburst environment or originate from supernova remnants lying in the same star-forming region. It is also claimed Porciani et al. 2007; Tejos et al. 2009 ) that source amplification due to strong gravitational lensing may bias the GRB spectral samples toward targets that contain more intervening absorbers. Another mechanism has been proposed (Frank et al. 2007) , which claims that the discrepancy is due to the different beam sizes of GRBs and quasars, but this has subsequently been ruled out by observational analysis (Pontzen et al. 2007 ). Finally, a number of authors Porciani et al. 2007 ) have suggested that dust associated with strong Mg II systems results in a reduction in the observed number of absorbers seen along sight lines to quasars in flux-limited catalogues. In general, most authors agree that the differences between Mg II toward quasar and GRB sight lines cannot be due to a single effect, but dusty absorbers have not been thought to be a significant factor.
In light of our findings on the existence of a significant population of dusty Mg II absorbers, we can provide a more definitive determination of the effect of dust on the GRB/quasar sight line discrepancy. Using a sample of GRB sight lines with intervening absorbers we can assess how this sample would suffer from incompleteness if the sight lines were instead illuminated by quasars. We assume that the GRB sample is unbiased and probes all intervening Mg II absorbers up to a moderate absorber E(B − V ) of 0.2 mag. Given an EW and redshift distribution of Mg II absorbers in GRBs similar to our quasar sample (Fig. 17) , we would expect the GRB sight lines to show the missing 24 per cent of absorbers (Section 5.4). However, in general GRB spectra contain absorbers with different redshift and EW distribution to the absorbers in quasar spectra. The observed discrepancy in number density due to dust will be sensitive to such differences.
Two GRB absorber samples in the literature are the Vergani et al. (2009) Fig. 18-(left) . The redshift distributions for the two GRB samples both exhibit a larger fraction of absorbers at high redshift compared with the quasar absorber redshift distribution. Fig.  18 -(right) shows the degree to which both samples suffer from EW incompleteness by comparing the EW distributions with an exponential of the form
where W * is the exponential scale factor. A fit to the corrected quasar absorber EW distribution (Fig. 17) gives a value of W * =0.746±0.008. Scaling the corrected quasar EW distribution using the redshift paths appropriate to the two GRB-derived samples results in the predicted number versus EW distributions for the Vergani et al. and Fynbo et al. GRB samples shown in Fig. 18-(right) . Both samples are expected to be incomplete at low EW but the scaled distribution functions accurately describe the Vergani et al. sample with EW 2.0Å, and the Fynbo et al. sample is consistent over the interval ≃2.0-5.0Å. Our flux-limited quasarderived Mg II absorber distribution has no information regarding high-EW systems with W λ2796 0 >5.0Å (where the associated large E(B − V ) essentially removes nearly all such systems from the SDSS quasar sample). The extension of the distribution of Mg II absorbers beyond W λ2796 0 =5.0 out to ≃10Å is clear and strongly suggests that the absorber dust-induced differences between quasar-derived and GRBderived samples will be even larger than calculated using our N (W λ2796 0 ) parametrization. We can calculate the fraction of absorbers that would be missed in corresponding flux-limited quasar sample by estimating an E(B −V ) according to equation 7 and assigning a weighting according to the dust obscuration bias/signal-tonoise ratio effects (equation 6). The predicted discrepancy is obtained by calculating the fraction of absorbers that are missed from a quasar-derived sample with an W λ2796 0 distribution corresponding to Equation 11 (with W * = 0.746) and redshift distributions of the Vergani et al. and Fynbo et al. (2009) 
absorbers
16 . The strong dependence of the dust content on the EW of the Mg II absorbers means that the degree to which the incidence of absorbers is affected is a very strong function of the low EW limit of the samples (where the majority of absorbers reside). Fig. 19 shows the predicted discrepancies for a sample with the same absorber redshift distributions as Vergani et al. (2009) and Fynbo et al. (2009) as a function of the lower EW limit for the absorber sample. The increasing impact of dust, as samples with increasingly large lower EW limits are considered, illustrates the importance of incorporating quantitative estimates when inter-comparing results from different observed samples. The discrepancy reaches a full factor of two for W significant fraction of the absorber sample, our predicted enhancement in Mg II number density is a factor two compared to absorber samples seen towards SDSS-selected quasars. The evidence from the Fynbo et al. sample for the existence of a significant number of absorbers with W λ2796 0 s as high as 10Å suggests that the true discrepancy will be significantly greater than shown in Fig. 19 for samples with minimum detectable W λ2796 0 above 1Å. The amplitude of the enhancement is higher than has been reported in the literature hitherto and dusty absorbers could be responsible for a significant proportion of the absorber number density enhancement seen towards GRBs.
A careful study of the incidence of Mg II absorbers towards a third class of objects, the BL Lacs (or Blazars), whose selection is closely akin to GRBs in not being fluxlimited in the optical, has been conducted by Bergeron et al. (2011) . They find an excess of Mg II absorbers along Blazar sight lines compared with quasar sightlines of ≃2.0 with no apparent difference between low-EW absorbers (EW<1Å), and high-EW absorbers (EW>1Å). However, the absorber sample is numerically small and while strong differences between low-and high-EW absorbers are not present, less significant differential effects as a function of absorber EW are not ruled out with any confidence.
Our estimate of the true number density of strong (EW>1Å) Mg II absorbers along sight lines to SDSS quasars is some 15 per cent higher than the value used by Bergeron et al. (2011) , reducing the observed overdensity somewhat. The median redshift of the Blazar absorber sample is low, even lower than for the SDSS quasars sample presented here (z=0.84 compared toz=1.1), and the effect of dusty absorbers on the statistics is correspondingly much lower than for the GRB absorber samples discussed above. Our model predicts an increased overdensity for the Bergeron et al. (2011) sample of only 15 per cent. We also note that the contribution to the overdensity signal may be redshift dependent ( fig. 2 of Bergeron et al.) with the modest pathdensity at z>1.0 producing much of the effect. The Bergeron et al. (2011) study does not offer direct support in favour of the predictions from our dusty absorber model but nor does it rule out such a contribution. However, assuming that the factor of two overdensity of absorbers at low redshifts for Blazar samples is confirmed, then more contributors, in addition to the effects of dusty absorbers, are required to explain the observed absorber overdensity towards GRBs.
DISCUSSION AND CONCLUSIONS
With the aid of the enormous statistical power of the SDSS, we have been able to provide an improved characterisation of the dust content of Mg II absorption systems and its effects on the properties of absorber samples obtained using magnitude-limited quasar surveys. The principal conclusions of our investigations are: (i) We find that dust content (E(B − V )) in a large sample of ≃8300 strong Mg II absorbers increases much more strongly as a function of absorber rest-frame equivalent width (EW) (see equation 7) than previously reported.
(ii) The effects of dust on the observed Mg II absorber population results in significant changes to the statistics of the intrinsic absorber population. We find 24 ± 4 per cent of absorbers are missing from the sample for EW > 1.0Å and 34 ± 2 per cent for EW > 2.0Å. For absorbers with EW > 3.0Å) the fraction rises to more than a factor of two.
(iii) We find no significant detection of an evolution in absorber dust content over the redshift interval 0.4 < = z < = 2.2 but the constraint is relatively weak, with a 1σ uncertainty of 0.3 in the power-law index α (E(B − V )∝(1 + z) α ) (iv) The form of the extinction curve for absorbers is found to be of SMC-type at low values of E(B − V ). For absorbers with modest E(B − V ) 0.2 at redshifts z abs > 1, where the 2175Å is visible in the SDSS spectra, approximately a third of the population shows evidence for the presence of dust with an LMC-like extinction curve.
(v) For absorbers with the highest E(B − V ) 0.3 there is evidence for an extinction curve that differs from the SMC, LMC and MW extinction curves. The high E(B−V ) systems possess a 2175Å feature similar in strength to that seen in the MW but the overall shape of the extinction curve in the near-ultraviolet through to the near-infrared, is greyer than any of the SMC, LMC or MW extinction curves.
(vi) The impact of dust on the observed discrepancy in the Mg II absorber sight line densities between GRBs and quasars depends on both the absorber redshift distribution and the minimum equivalent width limit of the samples obtained towards GRBs. Samples with high lower EW-limits for the detection of Mg II absorbers and significant redshift path for absorbers at high redshifts are most affected. Published GRB samples are predicted to possess absorber densities a full factor of two greater than for quasars from fluxlimited samples due to the effects of dust extinction.
Higher EW Mg II systems are found to exhibit a higher star formation rate (Ménard et al. 2009 ) and the dependence of E(B −V ) on EW can be explained in terms of the star formation rate of the absorbing galaxy. Supernovae associated with star formation impart mechanical energy to the cold Mg II absorbing gas, which leads to velocity spreading of the absorption feature and a consequent increase in the observed absorber EW. An increased amount of star formation also leads to increased dust production. The presence of a larger amount of dust in absorbers associated with the highest star formation rate has potential consequences for determining the redshift-evolution of absorbers with the highest EWs although the impact on the overall star formation rate density of the Universe (Hopkins 2004 ) is unlikely to be more than a perturbation.
Explaining the observed differences between the Mg II absorber density towards quasars in flux-limited samples, GRBs and BL Lacs requires considerably larger absorber samples to map out the dependence of the differences on absorber EW and redshift. While the explanation will almost certainly involve more than one effect, the results presented here show that obscuration due to dust associated with the absorbers is almost certainly a significant factor.
To date, the limited statistics available has meant that constraints on the dust content and form of the extinction curves associated with metal absorbers have been weak. The availability of metal absorber samples with ∼10 000 systems and the detection of a small number of systems with E(B − V ) 0.3 is changing the situation, as shown in this paper. At low values, E(B − V ) 0.05, the extinction curve appears to be essentially featureless in the near-ultraviolet with an SMC-like form. A new result from our study is the detection of a weak 2175Å feature in a significant fraction of Mg II absorbers with E(B − V )≃0.1-0.2, consistent with an LMC-like extinction curve. Individual systems with higher E(B − V ) values of 0.3 and an apparent strong 2175Å feature have been identified in recent years. Our results for the Mg II absorbers with the highest E(B − V ) values, particularly the small subset with near-infrared photometry available, indicate that there may be a systematic dependence in the form of the extinction curve as a function of E(B − V ) and, more fundamentally, the column density of the absorbers. Obtaining near-infrared photometry, to combine with SDSS spectra, for a larger sample of such objects is necessary to establish the general nature of any such trend. Confirmation of a systematic change in the form of the extinction curve as advocated here, from featureless and SMC-like at low E(B − V ), through to greyer overall than any of the SMC, LMC or MW curves but with a strong 2175Å feature (consistent with the low RV form presented by Fitzpatrick (1999) ) at high E(B − V ), would provide powerful constraints on models of star formation and chemical enrichment histories for physical systems associated with metal absorbers over an extended range in column density. 
